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[Dociiment name] Specification 

[Title of the Invention] MANAGEMENT SYSTEM OF ULTRASONIC 
INSPECTION SYSTEM 

[Claims] 

[Claim 1] 

A ultrasonic inspection system management system 
comprising one or more ultrasonic inspection systems each 
including a probe and a system main body, a host computer, 
a transmission line for connecting said one or more ultrasonic 
inspection systems and said host computer, and a data storage 
section, characterized in that said host computer comprises 
data collection means for collecting data provided by said 
one or more ultrasonic inspection systems via said transmission 
line and storing the data in said data sto^^-age- section. 

[Claim 2] 

The ultrasonic inspection system management system 
as claimed in claim 1, wherein the data is specimen inspection 
data and wherein said host computer further includes 
determination means for analyzing and determining the specimen 
inspection data. 

[Claim 3] 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein at least one of said ultrasonic 



inspection systems comprises inspection system determination 
means for analyzing and determining specimen inspection data 
and wherein the data collected by said data collection means 
of said host computer is data of a determination result of 
said inspection system determination means - 

[Claim 4] 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein the data is first test data provided 
when said probe of a specific one of said ultrasonic inspection 
systems is connected to said system main body and second test 
data provided when said probe is disconnected from said system 
main body and wherein said host computer further includes command 
signal output means for outputting command signals for obtaining 
the first test data and the second test data and abnormal point 
determination means for determining whether or not an abnormal 
point is contained in said specific ultrasonic inspection system 
based on the first test data and the second test data. 

[Claim 5] 

The ultrasonic inspection system management system 
as claimed in claim 4 wherein said probe is connected to and 
disconnected from said system main body by a switch device 
turned on and off as instructed by said host computer. 

[Claim 6] 



The ultrasonic inspection system management system 
as claimed in claim 1 wherein at least one of said ultrasonic 
inspection systems comprises inspection system abnormal point 
determination means for determining whether or not an abnormal 
point is contained in said ultrasonic inspection system based 
on first test data provided when said probe is connected to 
said system main body and second test data provided when said 
probe is disconnected from said system main body and wherein 
the data collected by said data collection means of said host 
computer is data of a determination result of said inspection, 
system abnormal point determination means;.. 

[Claim 7] 

The ultrasonic inspection system management system 
as claimed in claim 4 wherein said probe is connected to and 
disconnected from said system main body by turning on and off 
a switch device. 

[Claim 8] 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein the data is reception level data 
and wherein said host computer further includes reception level 
comparison means for comparing most recent data of the reception 
level data or an average of continuous reception level data 
pieces containing the most recent data with a predetermined 
reception level setup value. 



[Claim 9] 

The ultrasonic inspection system management system 
as claimed in claim 1, wherein the data is reception level 
data and wherein said host computer further includes change 
comparison means for comparing a difference or a change ratio 
between most recent data of the reception level data and its 
immediately preceding reception level data with a predetermined 
change setup value. 

[Claim 10] 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein the data is reception level data 
and wherein said host computer further includes reception level 
comparison means for comparing most recent data of the reception 
level data or an average of continuous reception level data 
pieces containing the most recent data with a predetermined 
reception level setup value and change comparison means for 
comparing a difference or a change ratio between the most recent 
data and its immediately preceding reception level data with 
a predetermined change setup value when said reception level 
comparison means determines that the most recent data or the 
average is greater than the reception level setup value. 

[Claim 11] 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein at least one of said ultrasonic 



inspection systems comprises inspection system reception level 
comparison means for comparing most recent data of reception 
level data or an average of continuous reception level data 
pieces containing the most recent data with a predetermined 
reception level setup value and wherein the data collected 
by said data collection means of said host computer is data 
of a comparison result of said inspection system reception 
level comparison means. 

[Claim 12] 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein at least one of said ultrasonic 
inspection systems comprises inspection system change 
comparison means for comparing a difference or a change ratio 
between most recent data of reception level data and its 
immediately preceding reception level data with a predetermined 
change setup value and wherein the data collected by said data 
collection means of said host computer is data of a comparison 
result of said inspection system change comparison means. 

[Claim 13] 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein at least one of said ultrasonic 
inspection systems comprises inspection system reception level 
comparison means for comparing most recent data of reception 
level data or an average of continuous reception level data 



pieces containing the most recent data with a predetermined 
reception level setup value and inspection system change 
comparison means for comparing a difference or a change ratio 
between the most recent data and its immediately preceding 
reception level data with a predetermined change setup value 
when said inspection system reception level comparison means 
determines that the most recent data or the average is greater 
than the reception level setup value and wherein the data 
collected by said data collection means of said host- computer 
is data of comparison results of said inspection system reception 
level comparison means and said inspection system change ■ 
comparison means. ^• 

[Claim 14] ' 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein said data comprises probe data 
reception means for receiving data of said probe of a specific 
one of said ultrasonic inspection systems. 

[Claim 15] 

The ultrasonic inspection system management system 
as claimed in claim 1 wherein the data is predetermined data 
in components malcing up said system main body and wherein said 
host computer further includes component data reception means 
for receiving the predetermined data of the components. 

[Detailed Description of the Invention] 



[0001] 

[Technical Field of the Invention] 

This invention relates to a management system of a 
ultrasonic inspection system for storing various data pieces 
provided by each ultrasonic inspection system or performing 
required processing based on the data pieces. 

[0002] 

[Related Art] 

Non-destructive inspection systems using ultrasonics 
(ultrasonic inspection systems) are used in various fields 
of inspection of steel, metal, etc., to inspection of 
semiconductors in recent years. They are used in various 
departments as field inline inspection tools td research and 
development tools. They have various shapes of handy type 
portable by the inspector to installation type installed in 
the field. A representative system configuration is shown • 
in FIG. 10. 

[0003] 

FIG. 10 is a block diagram of a ultrasonic inspection 
system. Aultrasonic probe 1 (simply, probe) is a sensor section 
for transmitting and receiving ultrasonics. A ultrasonic 
transmission/reception circuit 2 (simply, 

transmission/reception circuit) is a circuit for transmitting 
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and receiving ultrasonics to and from the probe 1. Normally/ 
the transmission/reception circuit 2 excites a piezoelectric 
vibrator in the probe 2 by a high-pressure impulse signal for 
generating (transmitting) ultrasonics and amplifies a minute 
signal received at the piezoelectric vibrator to a predetermined 
voltage signal level by an amplifier. A waveform processing 
circuit 3 is a processing section for displaying the inspection 
result based on a received waveform. For example, the waveform 
processing circuit 3 takes out a part of the waveform by a 
gate circuit, extracts the maximum value, and compares the 
value with a predetermined determination level, thereby 
determining the inspection result. It- also displays the 
extracted maximum values as light and dark values in order, 
at predetermined positions of a. display section- 4> thereby 
forming a ultrasonic image. A control section. .5. controls the 
transmission/reception circuit 2 and the waveform processing 
circuit 3. In recent years, a personal computer (PC) has often 
been used as the control section 5. 

[0004] 

A ultrasonic inspection system of installation type 
comprises a transporter for moving the system, a scanner for 
changing the position of a probe or a sample, and the like 
in addition to the above-described members . Although one probe 
is used in the description, two probes are used in an inspection 



method with separate probes for transmission and reception 
(2-probe method) . For a large specimen used on a steel line, 
etc. , the number of probes may range from several tens to several 
hundreds. In this case, generally the number of 
transmission/reception circuits is also increased in response 
to the niimber of probes. An array probe having an array of 
several ten to several hundred minute vibrators in one probe 
may be used, 

[0005] 

[Problem to be solved by the invention] 

In the related art described above, the waveform 
processing circuit 3 uses various signal processing software 
programs in response to specimens to analyze and determine 
ultrasonic reception signals. However, for large specimens 
used in fields of steel, etc., the number of probes may extend 
to several hundreds, in which case software for analyzing and 
determining ultrasonic reception signals and storing continuous 
data becomes enormous . Further, high-speed and large-capacity 
computer hardware of a CPU, memory, storage media, etc., becomes 
necessary to analyze and determine ultrasonic reception signals 
and store continuous data, largely pushing up the whole system 
costs. For example, even a comparatively small ultrasonic 
inspection system of handy type, etc., comprises ultrasonic 
reception signal analysis and determination means, thus can 
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collect inspection data, but if an attempt is made to continuously 
store and manage data of the inspection results, etc., with 
the ultrasonic inspection system, a problem similar to that 
described above arises, 

[0006] 

If trouble occurs in a ultrasonic inspection system, 
it must be repaired by an expert maintenance person. Upon 
reception of a notification of trouble occurrence, it is desired 
that an expert maintenance person asks the customer about the 
symptom of the trouble by telephone and narrows the trouble 
down to a few points. However, it is often impossible for 
the maintenance person to locate the failure portion of the 
system in such a hearing. Therefore, usually the maintenance 
person first goes to the installation place of the system, 
checks for the trouble symptom, once. returns to the maintenance 
station, gets a complete set of replacement parts responsive 
to the symptom, again goes to the installation place of the 
system, and repairs the system. Thus, it takes much time and 
a large cost required for the maintenance person to repair 
the system. 

[0007] 

Further, to perform a suitable inspection, a probe 
matching a specimen needs to be selected for use from among 
a large number of probes. By the way, the probes are easy 
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to break, stocks of new probes are frequently replenished, 
and as the probes are used, their characteristics are degraded. 
Thus, to perform a suitable inspection, the user needs 
frequently to examine the characteristics of not only the new 
probes, but also the used probes and record the result; however, 
such examination and recording become a large burden for the 
user. Degradation of the characteristics also causes the 
trouble to occur in the system and it is desirable to predict 
degradation of the characteristics in its early stage, but 
the user is hard to predict such degradation. 

[0008] 

The reason why probes are easily broken is as follows: 

The following three ultrasonic inspection methods are 
available: Direct contact method, water immersion method, 
and local water immersion method. The direct contact method 
is a method of bringing a probe and a specimen into direct 
contact with each other via a contact medium, such as glycerin 
or machine oil, for inspecting a specimen while changing the 
position of the probe on the specimen manually or automatically . 

At this time, the probe is rubbed against the specimen. The 
water immersion method is a method of entering a specimen and 
a probe in a water tank and using water as a ultrasonic propagation 
medium therebetween. The local water immersion method is a 
method of immersing only the space between a specimen and a 
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probe in water. In both the water immersion method and the 
local water immersion method, the probe is always in contact 
with water. Since the probe use environment is bad in either 
of the methods, the probe is often broken as it is used for 
a given term. To attach a probe to an automatic scanning 
mechanism, etc., for inspecting a specimen, an accident such 
that the probe collides with the specimen, etc., and is broken 
also often occurs. A vibrator for transmitting and receiving 
ultrasonics in a probe is made of a thin ceramic, etc., and 
thus is very vulnerable to mechanical vibration or shock.- 
An accident also often occurs such that- while a probe, is being 
replaced or during manual inspection, the probe is dropped, 
to the floor and is broken. Thus, the probes are handled as 
equivalents of consiimables . ^ ' ' 

[0009] 

Further, since probes are handmade, the product quality 
varies from one probe to another and if the probes are used 
under the same condition, some are not broken and some are 
easily broken; they are broken in various manners , If a vibrator 
is broken due to the above-mentioned collision accident, 
ultrasonic reception signals disappear entirely; if a vibrator 
is broken gradually by exfoliation, etc., for example, as water 
enters, the ultrasonic reception signal level lowers gradually 
(degradation of characteristic as described above) . In the 
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former case, no signals are received, thus malfunction of the 
system is easily detected; in the latter case, an error in 
the probe is easily unrecognized for a certain term because 
of moderate change (difficulty to predict as described above) . 

[0010] 

It is an object of the invention to provide a ultrasonic 
inspection system and its management system that can solve 
the problems in the related art and drastically decrease the 
load on and cost of the ultrasonic inspection system. 

[0011] 

[Means for solving the . problem] 

To attain the object of the invention, according to 
the invention as claimed in claim 1 , there is provided aultrasonic 
inspection system management system comprising one or more- 
ultrasonic inspection systems each including a probe and a 
system main body, a host computer, a transmission line for 
connecting said one or more ultrasonic inspection systems and 
said host computer, and a data storage section, characterized 
in that said host computer comprises data collection means 
for collecting data provided by said one or more ultrasonic 
inspection systems via said transmission line and storing the 
data in said data storage section. 

[0012] 
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According to the invention as claimed in claim 2, in 
the ultrasonic inspection system management system as claimed 
in claim 1, the data is specimen inspection data and said host 
computer further includes determination means for analyzing 
and determining the specimen inspection data. 

[0013] 

According to the invention as claimed in claim 3, in 
he ultrasonic inspection system management system as claimed 
in claim 1, at least one of said ultrasonic inspection systems 
comprises inspection system determination means for analyzing 
and determining specimen inspection data, and 

the data collected by said data collection means of 
said host computer is data of a determination result of said 
inspection system determination means. 

[0014] 

According to the invention as claimed in claim 4, in 
the ultrasonic inspection system management system as claimed 
in claim 1, the data is first test data provided when said 
probe of a specific one of said ultrasonic inspection systems 
is connected to said system main body and second test data 
provided when said probe is disconnected from said system main 
body; and 

said host computer further includes command signal 
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output means for outputting command signals for obtaining the 
first test data and the second test data and abnormal point 
determination means for determining whether or not an abnormal 
point is contained in said specific ultrasonic inspection system 
based on the first test data and the second test data. 

[0015] 

According to the invention as claimed in claim 6, in 
the ultrasonic inspection system management system as claimed 
in claim 1, at least one of said ultrasonic inspection systems 
comprises inspection system abnormal point determination means 
for determining whether or not an abnormal point is contained 
in said ultrasonic inspection system based on first test data 
provided when said probe is connected to said system main body 
and second test data provided when said probe is disconnected 
from said system main body; and 

the data collected by said data collection means of 
said host computer is data of a determination result of said 
inspection system abnormal point determination means. 

[0016] 

According to the invention as claimed in claim 8, in 
the ultrasonic inspection system management system as claimed 
in claim 1, the data is reception level data and said host 
computer further includes reception level comparison means 
for comparing most recent data of the reception level data 
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or an average of continuous reception level data pieces 
containing the most recent data with a predetermined reception 
level setup value. 

[0017] 

According to the invention as claimed in claim 9, in 
the ultrasonic inspection system management system as claimed 
in claim 1, the data is reception level data and said host 
computer further includes change comparison means for comparing 
a difference or a change ratio between most recent data of 
the reception level data and its immediately preceding reception 
level data with a predetermined change setup value. 

[0018] 

According to the invention as claimed in. claim 10, 
in the ultrasonic inspection systemmanagement system as claimed 
in claim 1, the data is reception level data and said host 
computer further includes reception level comparison means 
for comparing most recent data of the reception level data 
or an average of continuous reception level data pieces 
containing the most recent data with a predetermined reception 
level setup value and change comparison means for comparing 
a difference or a change ratio between the most recent data 
and its immediately preceding reception level data with a 
predetermined change setup value when said reception level 
comparison means determines that the most recent data or the 
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average is greater than the reception level setup value, 
[0019] 

According to the invention as claimed in claim 11, 
in the ultrasonic inspection system management system as claimed 
in claim 1, at least one of said ultrasonic inspection systems 
comprises inspection system reception level comparison means 
for comparing most recent data of reception level data or an 
average of continuous reception level data pieces containing 
the most recent data with a predetermined reception level setup 
value; and 

the data collected by said data collection means of 
said host computer is data of a comparison result of said 
inspection system reception level comparison means. 

[0020] - •■ ' ' 

According to the invention as claimed in claim 12, 
in the ultrasonic inspection systemmanagement system as claimed 
in claim 1, at* least one of said ultrasonic inspection systems 
comprises inspection system change comparison means for 
comparing a difference or a change ratio between most recent 
data of reception level data and its immediately preceding 
reception level data with a predetermined change setup value; 
and 

the data collected by said data collection means of 
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said host computer is data of a comparison result of said 
inspection system change comparison means, 

[0021] 

According to the invention as claimed in claim 13, 
in the ultrasonic inspection system management system as claimed 
in claim 1, at least one of said ultrasonic inspection systems 
comprises inspection system reception level comparison means 
for comparing most recent data of reception level data or an 
average of continuous reception level data pieces containing 
the most recent data with a predetermined reception level setup 
value and inspection system change comparisonmeans for comparing 
a difference or a change ratio between the most recent data 
and its immediately preceding reception level data with a 
predetermined change setup value when said inspection system 
reception level comparison means determines that the most recent 
data or the average is greater than the reception level setup 
value; and 

the data collected by said data collection means of 
said host computer is data of comparison results of said 
inspection system reception level comparison means and said 
inspection system change comparison means. 

[0022] 

According to the invention as claimed in claim 14, 
in the ultrasonic inspection system management system as claimed 
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in claim 1, said data comprises probe data reception means 
for receiving data 'of said probe of a specific one of said 
ultrasonic inspection systems, 

[0023] 

According to the invention as claimed in claim 15, 
in the ultrasonic inspection system management system as claimed 
in claim 1, the data is predetermined data in components making 
up said system main body and said host computer further includes 
component data reception means for receiving the predetermined 
data of the components. 

[0024] 

[Embodiments of the Invention] 

Referring now to the accompanying drawings-, the 
invention will be discussed. FIG. 1 is- a. block diagram of a 
management system of ultrasonic inspection systems according 
to a first embodiment of the invention. In the figure, Al, . . . 
An denote a large number of ultrasonic inspection systems - 
existing at different positions. Each of the ultrasonic 
inspection systems consists of a system main body 100 and a 
probe 1 connected thereto. The system main body 100 will be 
described later with reference to FIG, 2. C is a host computer 
and M is a data storage section into which various data pieces 
are written and from which various data pieces are read by 
the host computer C , NB is a network bus providing transmission 
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lines over which the system main bodies 100 of the ultrasonic 
inspection systems Al-An and the host computer C communicate 
with each other . The network bus NB is a LAN ( local area network) 
as a small-scale network bus or is a network using telephone 
lines, etc., such as the Internet, as a large-scale network 
bus. That is, if the ultrasonic inspection systems Al-An exist 
in a factory or a plant, a LAN is appropriate for the network 
bus NB; if the ultrasonic inspection systems Al-An are scattered 
at remote sites, the Internet is appropriate for the network 
bus NB. 

[0025] 

FIG. 2 is a block diagram to show the configuration 
of the system main body 100 shown in FIG. 1. Parts identical 
with or equivalent to those previously described with reference 
to FIG. 1 are denoted by the same reference numerals in FIG. 
2 and will not be discussed again. Numeral 6 is an interface 
existing between a control section 5 and the network bus NB 
and numeral 7 is a switch device provided between the probe 
1 and a ultrasonic transmission/reception circuit 2. LI is 
a signal communication line for a control section 5 to control 
the operation of the switch device 7, L2 is a signal communication 
line for transmitting an output signal of the ultrasonic 
transmission/reception circuit 2 to the control section' 5, 
L3 is a signal communication line for transmitting an output 
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signal of a waveform processing circuit 3 to the control section 
5, L4 is a signal communication line for transferring a signal 
between the control section 5 and the interface 6, and L5 is 
a signal communication line for connecting the interface 6 
and the network bus NB. An operation program of the control 
section 5 of the embodiment comprises a program required for 
transferring data to and from the host computer C in addition 
to the operation program of the control section 5 in the related 
art . 

[0026] 

Next, the operation of the embodiment will be discussed. 
The embodiment uses the network made up of the ultrasonic 
inspection systems Al-An, the network bus NB, the host computer 
C, and the data storage section M to perform (1) processing 
of data collected by the ultrasonic inspection systems Al-An, 
(2) failure diagnosis of the ultrasonic inspection systems 
Al-An, (3) probe management and diagnosis, and (4) management 
and diagnosis of the components making up the system main body. 
These topics will be discussed in order. 

[0027] 

(1) Processing of data collected by ultrasonic inspection systems 
Al-An 

Hitherto, the conventional ultrasonic inspection 
system has analyzed and determined the ultrasonic inspection 
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result and stored data in the system main body. However, in 
the embodiment, the host computer C performs all or a part 
of the processing . If the host computer C per forms all processing 
of analyzing and determining the ultrasonic inspection result 
and storing data, the control section 5 of each ultrasonic 
inspection system calls the host computer C through the interface 
6 and the network bus NB and requests the host computer C to 
process data, then a ultrasonic inspection is performed on 
a specimen. Then, an output signal of the ultrasonic, 
transmission/reception circuit 2 or the waveform processing 
circuit 3 is sent from the control section 5 through the interface 
6 and the network bus NB to the host computer C . The host computer 
C once stores the collected data in the data storage section . 
M and analyzes and determines the ultrasonic inspection result .= 
based on the data. For example, the host • computer C" analyzes . 
the ultrasonic string collected from the requesting ultrasonic 
inspection system, thereby determining whether or not the 
specimen inspected by the ultrasonic inspection system contains 
an internal defect and if an internal defect is found, determines 
the defect type, such as an internal cavity, a crack, or foreign 
matter, and if a large number of identical specimens are inspected, 
calculates defect percentage (for example, to inspect the 
junction faces of the specimens, percentage of the specimens 
havingapeel defect on the junction face) and the like. Further, 
the host computer C also performs processing such as setting 
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of a threshold value for determining whether or not the specimens 
are good based on the data. On the other hand, if the host 
computer C performs a part of processing of analyzing and 
determining the ultrasonic inspection result and storing data, 
for example, when the system main body 100 is provided with 
analysis and determination functions, it analyzes and determines 
the ultrasonic inspection result and sends the result to the 
host computer C, which then stores the result in the data storage 
section M. This method is effective particularly if analysis 
and determination load on the ultrasonic inspection system 
is small, for example, if. a small number of specimens are inspected 
in one inspection. However, even if the system, main body 100 
is provided with the analysis and* determination functions, 
the host computer C may analyze and determine, the ultrasonic- 
inspection result, of course. 

[0028] 

Since the host computer C thus collects the data provided 
by the ultrasonic inspection systems and analyzes and determines* 
the ultrasonic inspection result based on the data in the 
embodiment, a CPU, memory, storage media, etc., of the control 
section 5 of each ultrasonic inspection system can be simplified 
and the ultrasonic inspection system costs can be reduced. 
Control software is changed or revised frequently. Also in 
this case, software of the host computer C needs only to be 
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changed or revised and software of each ultrasonic inspection 
system need not be changed or revised, so that labor and time 
required for changing or revising the software can be decreased 
drastically. Further, the data, the determination results, 
etc., are stored in the data storage section M, thus the labor, 
time, and costs required for managing the data, etc., in the 
ultrasonic inspection system user can be eliminated. If the 
analysis and determination result data provided by the system 
main body 100 is. stored through the host computer C in the 
data storage . section M, the labor, time, and" costs required 
for managing the data, etc., in the ultrasonic inspection system 
user can also, be eliminated,, as described above, 
[0029] ^ • . ^ 

(2) Failure diagnosis of ultrasonic inspection systems Al-An 

Formerly, when trouble occurred in a ultrasonic 
inspection system, a maintenance person went to the installation 
place of the ultrasonic inspection system and diagnosed the 
trouble, as described above. However, in the embodiment, the 
host computer C diagnoses ultrasonic inspection systemproblems . 

For this purpose, the host computer C is provided with a 
self-diagnosis program. The self-diagnosis operation of the 
host computer C will be discussed with flowcharts shown in 
FIG. 3 and FIG. 4. 

[0030] 
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The host computer C waits for reception of a 
self-diagnosis request at step SI shown in FIG. 3. If a 
self-diagnosis is required for a reason such that any ultrasonic 
inspection system arrives at periodic diagnosis time or that 
trouble occurs in any ultrasonic inspection system, the user 
of the ultrasonic inspection system selects SELF-DIAGNOSIS 
out of a menu displayed on the system main body 100. This 
selection is transmitted through the control section 5 of the 
ultrasonic inspection system, the interface 6, and the network 
bus NB to the host computer C, which then starts the diagnosis 
operation in response toithe selection . First., the host-computer. 
C sends an instruction for moving the probe of the ultrasonic, 
inspection system to an inspection (test) position ■ to . the 
ultrasonic inspection system at step S2 . and waits.i until- the . 
probe is moved to the position at step -33. In response to ;.. 
the instruction, the control section 5 of the ultrasonic 
inspection system actuates the drive mechanism of the' probe 
1 for moving the probe 1 to a predetermined position. For 
example, if the ultrasonic inspection system enters a specimen 
in a water tank for inspection, the surface of a flat portion 
of the water tank is assumed to be a specimen and a position 
a predetermined distance from the surface is adopted as the 
predetermined position. When the probe 1 has been moved to 
the position, the control section 5 transmits a move termination 
signal to the host computer C. 
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[0031] 

When the host computer C acknowledges the move 
termination signal, it sends an instruction for turning on 
the switch device 7 to the ultrasonic inspection system at 
step S4, waits until the switch device 7 is turned on at step 
S5, sends an instruction for transferring inspection signal 
and collecting inspection data to the ultrasonic inspection 
system at step S6, and waits until data is collected at step 
S7- The control section 5 transmits signal to the ultrasonic 
transmission/ reception circuit 2 with the switch device 7 closed. 

The ultrasonic' transmission/reception circuit 2 causes 
ultrasonics to be generated from the probe 1, receives the 
reflected wave from the flat portion of the water tank, and 
outputs a signal responsive to the reflected wave . The waveform 
processing circbuit 3' processes the signal from the ultrasonic 
transmission/reception circuit 2 andoutputs a signal responsive 
to the processed signal. The control section 5 collects the 
signals output from the ultrasonic transmission/reception 
circuit 2 and the waveform processing circuit 3 via the signal 
communication lines L2 and L3 and at the termination of the 
collection, transmits a collection termination signal to the 
host computer C. 

[0032] 

Upon reception of the collection termination signal. 
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the host computer C instructs the control section 5 to turn 
off the switch device 7 at step S8 and waits until the switch 
device 7 is turned off at step S9. When the control section 
5 turns off the switch device 7 over the signal communication 
line LI and informs the host computer C that the switch 7 is 
turned off, the host computer C again sends an instruction 
for transferring inspection signal and collecting inspection 
data to the ultrasonic inspection system at step SIO and waits 
until data is collected at step Sll. The control section 5 
transmits signal to the ultrasonic transmission/reception 
circuit 2, with the switch device 7 of f.-. . "In . this case, • the 
switch device 7 is off and the probe 1 is not ■ connected to 
the system main body 100, thus the transmission pulse to the 
ultrasonic transmission/reception circuit- 2 is used. as a •• . 
reception signal. However, alternatively,, a separate reference, 
signal generation circuit may be provided so that an output 
signal thereof is used as a reception signal. In the state, 
the control section 5 collects the signals output. from the 
ultrasonic transmission/reception circuit 2 and the waveform 
processing circuit 3 via the signal communication lines L2 
and L3 and at the termination of the collection, transmits 
a collection termination signal to the host computer C, Upon 
3:-eceptionof the collection termination signal, the host computer 
C sends an instruction for transferring the collected data 
to the ultrasonic inspection system at step S12 and waits for 
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data transfer at step S13. Upon completion of data transfer 
from the control section 5, the host computer C stores the 
received data in the data storage section M at step S14. 

[0033] 

Next, the host computer C carries out diagnosis based 
on the collected data. First, the host computer C reads the 
output data of the ultrasonic transmission/reception circuit 
2 with the switch device 7 on (the probe 1 connected to the 
system main body) from the data storage section M and determines 
whether or not the data is valid at step S15 shown in FIG. 

4 by comparing the data with the known output signal of the 
ultrasonic transmission/reception circuit 2 when the ultrasonic 
reflected wave from the flat portion of the water tank was 
received. If the data is valid, then the host computer C reads 
the output data of the waveform processing circuit 3 with the 
switch device 7 on (the probe 1 connected to the system main 
body) from the data storage section M and determines whether 
or not the data is valid at step S16 by comparing the data 
with a known valid waveform circuit output signal. If the 
data is valid, the host computer C instructs the control section 

5 to display a "NO ERROR" message on the display section 4 
at step S17. If the host computer C determines at step S16 
that the data is not valid, it instructs the control section 
5 to display a message of "WAVEFORM PROCESSING CIRCUIT 3 IS 



ERRONEOUS" on the display section 4 at step S18. 
[0034] 

If the host computer C determines at step S15 that 
the data is not valid, it reads the output data of the ultrasonic 
transmission/reception circuit 2 when the switch device 7 was 
turned off from the data storage section M and determines whether 
or not the data is valid at step S19 by comparing the data 
with a known output signal from the ultrasonic 
transmission/reception circuit 2 when the ultrasonic 
transmission/ reception circuit 2 received a transmission pulse . 

If the data is valid, the host computer C instructs the control 
section 5 to display a message of "PROBE 1 IS ERRONEOUS" on 
the display section 4 at step S20. If the host computer C 
determines at step S19 that the data is not valid, it instructs 
the control section 5 to display a message of "ULTRASONIC 
TRANSMISSION/RECEPTION CIRCUIT 2 IS ERRONEOUS" on the display 
section 4 at step S21. The diagnosis of the trouble in the 
ultrasonic inspection system making the diagnosis request is 
now complete, 

[0035] 

In Fig. 2 and the description of the operation, the 
user of the ultrasonic inspection system Al-An selects 
"SELF-DIAGNOSIS," but the host computer C can also issue a 
"SELF-DIAGNOSIS" command. In the description, the switch device 
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7 is provided for selectively placing the probe 1 in a connection 
or non-connection state. However, the switch device 7 is not 
necessarily required and the user may attach or detach the 
probe 1 to or from the system main body 100. In this case, 
the host computer C instructs the control section 5 to display 
a message on the display section 4, requesting the user to 
attach the probe 1 in place of displaying the message at step 
S4 and instructs the control section 5 to display a message 
on the display section 4, requesting the user to detach the 
probe 1 in place of displaying the message at step S8 .. Further, 
in the description of the operation, the failure diagnosis 
program is installed in the host computer- C, . but may be stored 
in the control section 5 of the system main body '10 0 for the 
systemmainbody 100 to carry out diagnosis, and only the diagnosis 
result data may be transmitted to the host .computer C and stored: 
in the data storage section M. 

[0036] 

In the embodiment, the host computer C collects the 
output signals of the ultrasonic transmission/reception circuit 
2 and the waveform processing circuit 3 with the probe 1 
transmitting ultrasonics and those with the probe 1 not involved, 
and diagnoses trouble of the ultrasonic inspection system based 
on the output signals. Thus, the maintenance person can locate 
the failure point without going to the installation place of 
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the ultrasonic inspection system, so that the time to recovery 
of the faulty ultrasonic inspection system can be shortened 
drastically and in addition, the maintenance person labor and 
time can be decreased and the user needs only to make a diagnosis 
request and thus can save labor and time involved in the diagnosis , 
Diagnosis is carried out automatically and little requires 
labor, thus can be carried out frequently. The reliability 
of the system, in turn, the reliability of the inspection result 
can be improved by executing diagnosis. A failure history 
of each ultrasonic inspection system can be stored reliably. 

[0037] ' " ' ' ' 

Further, if the failure diagnosis program is installed 
in the system main body 100 and only the diagnosis result data 
is sent to the host computer and stored in the data storage 
section M, the failure point is known at the system main body 
100 and thus the maintenance person can be informed of the 
failure point immediately, whereby labor of the maintenance 
person can be saved and the time to recovery from the failure 
can be shortened, as described above and a failure history 
need not be stored in the system main body 100, the storage 
section capacity of the system can be lessened and a failure 
history can also be stored reliably. 

[0038] 

(3) Probe management and diagnosis 
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New probes are frequently replenished and as probes 
are used, their characteristics are degraded, as described 
above. Thus, preferably the user understands the 
characteristics of all probes. Here, various data pieces of 
probes will be discussed. FIG. 5 is a table to show a probe 
data example. At the shipment time of a probe, the probe 
manufacturer writes the data into row A shown in FIG. 5 containing 
nominal value and actual measurement value columns . The nominal 
value column contains entries of vibrator, diameter, center 
frequency, focal distance, etc., of the specif ications required 
for ordering the probe including the model .and- the- manufacture 
number. In the example shown in FIG. 5, beam.diameter is. entered ■ 
in addition to the entries . The actual measurement value column 
stores shipment inspection data and contains, entries of- center' 
frequency, upper limit frequency, lower- limit . frequency, band " . 
width, focal distance, sensitivity, electrostatic capacity, 
etc., including the date and the inspector. The pulse width 
and beam diameter used as resolution index of the probe are 
also described. 

[0039] 

After the probe shipment, the probe is inspected as 
required or periodically by the inspector or each time the 
above-described self-diagnosis is carried out, and the actual 
measurement value rows of data increase accordingly. In the 
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example shown in FIG. 5, two inspections are executed and the 
inspection results are written into rows B and C. In the 
inspection example, the probe is re-inspected for "PULSE WIDTH" 
and "SENSITIVITY" and it is understood from the digit change 
that the probe is damaged gradually. In the example shown 
in FIG, 5, the probe is inspected for "PULSE WIDTH" and 
"SENSITIVITY" by the inspectors. However, clearly, automatic 
measurement is also possible by inserting a measurement program 
during the self -diagnosis described above in (2) . 

[0040] ^ 

In the embodiment, the characteristic data as shown 
in FIG. 5 is stored in the data storage section M for each 
of the probes of the users of the ultrasonic inspection systems 
Al-An. That is, when each user possesses a new probe, he or 
she transmits the characteristic data of the probe to the host 
computer C, which then stores the data in the data storage 
section M. Whenever the probe is inspected, actual measurement 
values are added to the stored data and are stored as shown 
in rows B and C in FIG . 5 . The probe data is stored in a spreadsheet 
format used with PC software. When the user requires the 
characteristic data of the probe, he or she issues a request 
for transmitting the data of the probe to the host computer 
C via the network bus NB . In response to the request, the 
host computer C reads the data of the probe from the data storage 
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section M and transmits the probe data via the network bus 
NB to the ultrasonic inspection system making the request. 

[0041] 

Since the characteristic data of the probes of the 
ultrasonic inspection systems Al-An is thus stored in the data 
storage section M in the embodiment, the most recent data of 
the probes can be provided and an optimum probe for inspection 
of a specimen can be selected in a short time, whereby the 
inspection efficiency can be improved. 

[0042] 

Further, the embodiment provides a function of 
determining whether or not a probe is normal and keeping track 
of a symptom of degradation of the probe. This function will 
be discussed with reference to FIG. 6, a characteristic diagram 
of reception level, and FIG. 7, a flowchart. In FIG. 6, the 
number of inspection times is entered • on .the horizontal axis • 
and the reception level is entered on the vertical axis . Normally, 
to determine whether or not a probe is normal, a threshold 
value is set in the reception level and the actual reception 
level is compared with the threshold value. Value Vs shown 

in FIG. 6 denotes the threshold value. Value AV shown in FIG. 
6 denotes the deviation between the preceding reception level 

and the current reception level, and threshold value AVs is 
also provided for the reception level deviation. FIG. 6 shows 
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the characteristic of the probe wherein the reception level 
is held almost constant until the number of inspections, (N-1) , 
but lowers rapidly on and after the number of inspections, 
(N) , and falls below the threshold value AVs when the number 
of inspections, (N+n) , is reached. The embodiment uses the 
threshold values Vs and AVs to determine whether or not each 
probe is normal and keep track of a symptom of degradation 
of the probe . 

[0043] 

Next, the operation of the host computer C for carrying 
out failure diagnosis of a probe and keeping track of a symptom 
of degradation of the probe will be discussed along the flowchart 
shown in FIG. 7. In the embodiment, threshold values Vs and 
AVs are preset at step S31 shown in FIG. 7. For example, if 
a probe check instruction is set in the failure diagnosis program 
described above in (2), the host computer C waits for the 
instructionorwaits for aprobe check request made by an inspector 
at step S32. Upon reception of the instruction or the request, 
the host computer C reads the reception level in the preceding 
inspection (output value of the ultrasonic 

transmission/reception circuit when the switch device 7 is 
on) , VBl, and the current reception level VBO at step S33 and 
first compares the current reception level VBO with the threshold 
value Vs at step S3.4 . To execute the probe check as requested 
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by the inspector, the value VBl becomes the preceding preceding 
value and the value VBO becomes the preceding value. 

[0044] 

If the current reception level VBO is equal to or greater 
than the threshold value Vs as the comparison result at step 
S34, whether or not the absolute value of the difference between 
the preceding reception level VBl and the current reception 
level VBO is greater than the threshold value AVs is determined 
at step S35. If the absolute value of the difference is equal 
to or less than the threshold value AVs, an instruction for 
displaying a message of "PROBE IS N0RM7VL" is issued at step 
S36. If the absolute value of the difference exceeds the 
threshold value AVs, an instruction for displaying a message 
of "WARNING" is issued at step S37. That is, the current 
reception level VBO is equal to or greater than the threshold 
value Vs and the probe may be used, but the current reception 
level lowers more than the threshold value Vs as compared with 
the preceding reception level, thus this is determined to be 
a symptom of degradation of the probe and a warning is given. 
If it is determined at step S34 that the current reception 
level VBO is less than the threshold value Vs, clearly the 
probe is abnormal, thus an instruction for displaying a message 
of "PROBE IS ABNORMAL" is issued at step S38. 

[0045] 
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Thus, in the embodiment, the threshold values Vs and 
AVs are set, the current reception level VBO is compared with 
the threshold value Vs, and the absolute value of the difference 
between the preceding reception level VBl and the current 
reception level VBO is compared with the threshold value AVs, 
so that a symptom of degradation of the probe can be known 
in addition to knowing whether or not the probe is normal. 
If a symptom of degradation of the probe can be thus known, 
a probe to replace is purchased, self-diagnosis intervals are 
shortened for caution, or any other measure can be taken; even 
when degradation of the probe develops . and the probe becomes- 
unable to be used, the user can deal with. the problem promptly. 

[0046] 

In the description, determinations as to whether or 
not the probe is normal and as to a symptom of degradation 
of the probe are made using the current reception level VBO 
and the preceding reception level VBl. However, average data 
provided by a number of past inspections can also be compared 
with the threshold value for determining whether or not the 
probe is normal or the change rate (derivative value) of the 
current reception level to the preceding reception level can 
also be compared with the threshold value for determining a 
symptom of degradation of the probe. In the description, 
determinations as to whether or not a given probe is normal 



-40- 



and as to a symptom of degradation of the probe are made, but 
can also be made separately. Clearly, the means for keeping 
track of a symptom of probe degradation can also be applied 
to the components other than the probe (ultrasonic 
transmission/reception circuit, waveform processing circuit) . 

Further, in the description, the program for making 
determinations as to whether or not a given probe is normal 
and as to a symptom of degradation of the probe is installed 
in the host computer C, but can be stored in the control section 
5 of the system main body 100 for the system main body 100 
to make determinations as .to whether or no:t .a given -probe is. 
normal and as to. a symptom of degradation of. -.the probe, and: 
only the determination result can be sent to- the, host ..computer 
C and stored in the data storage section M/.thereby eliminating 
the need for the storage section for storing the probe diagnosis 
result data in the system main body 100. 

[0047] 

(4) Management and diagnosis of the components making up the 
system main body 

In (3) , probe management and diagnosis have been 
discussed. In the embodiment, the components making up the 
system main body 100, such as the components of the ultrasonic 
transmission/reception circuit 2 and the waveform processing 
circuit 3, as well as the probes are managed and diagnosed. 
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The management and diagnosis of the components will be discussed 
with reference to FIG. 8 and FIG. 9 by taking a transmission 
pulse circuit in the ultrasonic transmission/reception circuit 
2 as an example. FIG. 8 is a chart to show transmission pulse 
voltage, wherein the time is entered on the horizontal axis 
and the voltage is entered on the vertical axis . The transmission 
pulse circuit is a circuit for transmitting ultrasonics by 
feeding an impulse signal shown in FIG. 8 into the vibrator 
in the probe 1. To- transmit normal ultrasonics, magnitude 
of • transmission pulse voltage output from the transmission . 
pulse circuit; V, and pulse falling time. T shown in FIG. • 8 . 
must be output with setup values. Preferably, the user, also 
grasps the characteristics of :the transmission pulse circuit 
like the probe-1 described above. Various data .pieces .in the. 
transmission pulse -.circuit will .be. discussed . wi±tL reference, 
to FIG. 9. 

[0048] 

FIG . 9 is a table to showa data example of the transmission 
pulse circuit. At the shipment time of each ultrasonic 
inspection system, its manufacturer writes the data into row 
Ashown in FIG . 10 containing nominal value and actual measurement 
value columns. The nominal value column contains entries of 
model, manufacture number, maximum pulse voltage, pulse falling 
time, etc . The actual measurement value column contains entries 
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of inspection contents, date, inspector, output pulse voltages 
relative to setup pulse voltages (in the example, setup voltages 
50 V, 100 V, 150 V, 200 V, 250 V, and 300 V) , pulse falling 
time, etc. 

[0049] 

As with the probes, after shipment of the ultrasonic 
inspection system, the transmission pulse circuit is inspected 
as required or periodically by the inspector or each time the 
above-described self-diagnosis is carried out, and the actual 
measurement value rows of the data increase accordingly. To 
use the self -diagnosis function, the impulse signal when the 
switch device 7 is off becomes a reception signal intact, is 
read over the signal communication line L2, and is sent to 
the host computer C, which then stores the signal in the data 
storage section M. In the example shown in FIG. 10, two 
inspections are executed and the inspection results are written 
into rows B and C . Whether or not the transmission pulse circuit 
is normal is determined based on the digit change. When the 
user requires the data of the transmission pulse circuit, he 
or she issues a request for transmitting the data of the 
transmission pulse circuit to the host computer C via the network 
bus NB. In response to the request, the host computer C reads 
the data of the transmission pulse circuit from the data storage 
section M and transmits the data via the network bus NB to 
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the ultrasonic inspection system making the request. In the 
example shown in FIG. 10, the transmission pulse circuit is 
inspected by the inspectors. However, clearly, automatic 
measurement is also possible by inserting a measurement program 
during the self-diagnosis described above in (2) . Clearly, 
like the transmission pulse circuit, other components of the 
system main body can also be managed and diagnosed based on 
predetermined data . 

[0050] 

In the embodiment, predetermined data of the components 
of the system main body of each ultrasonic inspection system 
Al-An is thus stored in the data storage section M, so that 
the components can be managed and diagnosed based on the stored 
data . 

[0051] 

(1) processing of data collected by the ultrasonic inspection 
systems Al-An, ( 2 ) failure diagnosis of the ultrasonic inspection 
systems Al-An, (3) probe management and diagnosis, and (4) 
management and diagnosis of the components making up the system 
main body in the embodiment have been discussed. The description 
made so far is mainly applied to the installation-type ultrasonic 
inspection systems. However, the embodiment is not limited 
to the installation-type ultrasonic inspection systems; the 
interface 6, the switching device 7, and the signal communication 
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lines L1-L5 are added to a conventional portable ultrasonic 
inspection system, whereby the functions in (1) to (3) described 
above can be carried out as with the installation- type ultrasonic 
inspection system. In this case, the portable ultrasonic 
inspection system may have the interface connected to the network 
bus only when necessary. Further, in the description of the 
embodiment, a large number of ultrasonic inspection systems 
exist, but the embodiment can be applied even when only one 
ultrasonic inspection system exists, needless to say. 

[0052] 

As described above, in the invention, the ultrasonic 
inspection systems are connected to the host computer by the 
transmission line and the data storage section is connected 
to the host computer. The data provided by the ultrasonic 
inspection systems is collected by the host computer and is 
stored in the data storage section. Based on the stored data, 
specimen inspection data is analyzed and determined, the result 
is stored, whether or not an abnormality at a specific point 
exists is determined, the determination result is stored, and 
a symptom of degradation of each probe is grasped or the probes 
are managed or the components of the system main body are managed 
and diagnosed- Thus, the following effects capable of 
drastically decreasing the load on and cost of the ultrasonic 
inspection system can produced: 
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[0053] 

(1) Since the specimen inspection data is analyzed 
and determined, the mechanisms of the control section, etc., 
of each ultrasonic inspection system can be simplified for 
decreasing the cost of the ultrasonic inspection system. The 
labor and time required for changing or revising in each 
ultrasonic inspection system can be decreased drastically and 
the labor, time, and cost required for managing the data, etc., 
in the ultrasonic inspection system can be eliminated. If 
only the analysis and determination result data is sent to 
the host computer, the labor, time, and cost required for managing 
the data, etc., in the ultrasonic inspection system can also 
be eliminated. 

(2) The host computer determines whether or not an 
abnormality at a specific point exists, whereby the maintenance 
person can locate the failure point without going to the 
installation place of the ultrasonic inspection system, so 
that the time to recovery of the faulty ultrasonic inspection 
system can be shortened drastically, the maintenance person 
labor and time can be decreased, and the labor and time involved 
in the diagnosis in the user can be saved. Diagnosis can be 
carried out frequently. The reliability of the system, in 
turn, the reliability of the inspection result can be improved 
by executing diagnosis. If only the failure determination 
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result data is sent to the host computer, the maintenance person 
labor and time can also be reduced and the time to recovery 
from the failure can be shortened drastically. 

(3) The host computer or the system main body keeps 
track of a symptom of probe degradation, whereby if a symptom 
of probe degradation is known, a probe to replace is purchased, 
self-diagnosis intervals are shortened for caution, or any 
other measure can be taken; even when probe degradation develops 
and the probe becomes unable to be used, the user can deal 
with the problem promptly. Since the host computer manages 
the probes, the most recent data of the probes can be. provided 
and an optimum probe for inspection of a specimen can be selected 
in a short time, whereby the inspection efficiency can be improved. 

Further, the host computer manages predetermined data of the 
components of the system main body, thus the data is managed 
easily and diagnosis of the components as function degradation, 
etc., can be carried out easily. 

[Brief Description of the Drawings] 

[FIG. 1] 

A block diagram of a management system of ultrasonic 
inspection systems according to an embodiment of the invention. 

[FIG. 2] 

A block diagram of a system main body shown in FIG. 
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1. 

[FIG. 3] 

A flowchart to describe the host computer operation. 

[FIG. 4] 

A flowchart to describe the host computer operation. 

[FIG. 5] 

A table to show a probe data example. 

[FIG. 6] 

A reception level change chart. 
[FIG. 7] ' : . . 

A flowchart to describe the host computer operation. 

[FIG. 8] 

A chart to show transmission pulse voltage. 

[FIG, 9] 

A table to show a data example of a transmission pulse 

circuit . 
[FIG. 10] 

A block diagram of a conventional ultrasonic inspection 

system. 

[Reference Numerals] 
1 Probe 
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100 System body 

Ai to An Ultrasonic inspection systems 

Nb Network bus 

C Host Comuputer 

M Data storage section 



-49- 



[Document Name] Abstract 
[Abstract] 

[Problem to be solved] To provide a management system of a 
ultrasonic inspection system, which can considerably reduces 
load or cost of the ultrasonic inspection system. 

[Means] Each of ultrasonic inspection systems Al-An is made 
up of a probe 1 and a system main body 100, which is connected 
to a host computer C by a network bus NB, The host computer 
C has a data storage section M. Specimen data provided by 
the ultrasonic inspection systems Al-An is analyzed and 
determined by the host computer C and stored in the data storage 
section M. The host computer C diagnoses the ultrasonic 
inspection systems Al-An and keeps track of a symptom of 
degradation of the probe by a self-diagnosis program. Data 
of each probe 1 is stored in the data storage section M and 
each ultrasonic inspection systemAl-An can read the data through 
the host computer C. 
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